Structural determination and characterization of a 40 kDa protein isolated from rat 40 S ribosomal subunit  by Tohgo, Akira et al.
FEBS Letters 340 (1994) 133-138 
Lazm 
f EITERS 
FEBS 13715 
Structural determination and characterization of a 40 kDa protein isolated 
from rat 40 S ribosomal subunit 
Akira Tohgo **, Shin Takasawa, Hiroshi Munakata, Hideto Yonekura, Norio Hayashi, 
Hiroshi Okamoto* 
Department of Biochemistry, Tohoku University School of Medicine, 2-l Seiryo-machi, Aoba-ku, Sendai 980, Miyagi, Japan 
Received 16 December 1993; revised version received 20 January 1994 
Abstract 
We have purified a 40 kDa protein from the rat 40 S ribosomal subunit and determined its primary structure by amino acid and cDNA sequencing. 
The amino acid sequence of the 40 kDa protein shared 29-37% homology with prokaryotic ribosomal protein S2 of eubacteria nd chloroplasts, 
indicating that the protein is a eukaryotic ounterpart to prokaryotic S2. Moreover, the amino acid sequence shared 99% identity with those deduced 
from cDNAs for 68 kDa lam&n binding proteins of human, murine and bovine origins. The cDNAs are capable of encoding polypeptides with 
predicted molecuiar mass of 33,000 which lacked typical signal sequences, N-linked glycosylation sites and putative transmembrane domains. These 
results indicate that the cDNAs for 68 kDa laminin binding proteins actually code for the 40 kDa ribosomal protein. 
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Ribosomes play a central role in the biosynthesis of 
proteins and the structure of ribosomes and their constit- 
uents are highly conserved during evolution [1,2]. In this 
study, we have purified a 40 kDa protein from the rat 40 
S ribosomal subunit and determined its primary struc- 
ture by amino acid and cDNA sequencing. Comparative 
analysis revealed that the 40 kDa protein is a eukaryotic 
counterpart to prokaryotic ribosomal protein S2. The 
identity of this 40 kDa ribosomal protein with a protein 
deduced from the cDNA for a cell surface 68 kDa lam- 
inin binding protein is discussed. 
2. Experimental 
2.1. Protein pur~~~atio~ and amino acid sequence dete~~~t~o~ 
Ribosomes, their subunits and ribosomal proteins were prepared as 
previously described [2]. The 40 S ribosomal proteins were separated 
by SDS-PAGE and stained with Coomassie brilliant blue (CBB). A 40 
kDa protein was excised from the stained gel and the protein was 
electroeluted as previously described [3]. Lysyl endopeptidase frag- 
ments of the 40 kDa protein were separated by reverse-phase HPLC 
and underwent automated Edman degradation as previously described 
f2]. Amino acid compositions were determined with an Applied Biosys- 
terns Model 130A amino acid analyzer [4]. SDS-PAGE and im- 
munoblotting were performed [2], and the protein was determined by 
the method of Smith et al. [S]. 
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2.2. cDNA cloning 
The cDNA was synthesized from rat regenerating liver total RNA 
by reversetranscription using Superscript (Gibco-BRL, Gaithersburg, 
MD). A specific probe for the 40 kDa protein was prepared using a 
polymerase chain reaction (PCR) [6,7] together with the cDNA and two 
synthetic oligodeoxyribonucleotides (GAATTCAATCTTGACTTC- 
CAGATGGA and CACGTGAAGGTTCCAGGAGTGAA) based on 
the amino acid sequences of the lysyl endopeptidase fragments of the 
purified 40 kDa protein (Fig. 3, arrows). The resulting 250-base pair 
(bp) fragment was purified on an agarose gel and labeled using the 
Megaprime DNA labeling system (Amersham, UK). The full-length 
cDNA was isolated from a rat liver cDNA library [S] using plaque 
hybridization, and the cDNA inserts were subcloned into the PBS 
vector (Stratagene, La Jolla, CA). Nucleotide sequences were deter- 
mined as described previously [Q]. 
3. Results and discussion 
We found a 40 kDa protein associated with the 40 S 
ribosomal subunit in the course of elucidating the prod- 
uct of rig (rat insulinoma gene), i.e. ribosomal protein 
S15 [2,10]. As shown in Fig. 1, most of the immunoreac- 
tivity against a small subunit ribosomal protein, S15, was 
recovered around fraction 18 (lower panel). The 40 kDa 
protein coincided with the immunoreactivity and RNA 
peak in the 40 S ribosomal subunit region (fraction 18) 
on sucrose gradient ~ntrifugation (middle panel), indi- 
cating that the 40 kDa protein is a component of the 40 
S ribosomal subunit. 
To determine its primary structure, we purified the 40 
kDa protein from the SDS-gels (Fig. 2) (see section 2) 
and analyzed the purified protein on an amino acid se- 
quencer. No phenylthiohydantoin-amino acid was liber- 
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Fig. 1. Sedimentation of the 40 kDa protein in sucrose gradient. Ribo- 
somes were prepared as described previously [2]. Ribosomes incubated 
with puromycin were subjected to 15-30% linear sucrose density gradi- 
ent centrifugation containing 0.85 M KCI. Upper panel, absorption at 
260 nm; middle panel, CBB staining of even-numbered fractions after 
separation by SDS-PAGE; lower panel, immunodetection of rat ribo- 
somal protein S15 [2]. For the middle and lower panels, 10 ~1 of each 
gradient fraction was used. Positions of the size markers are presented 
on the left. The 40 kDa protein is indicated by arrowhead in the middle 
panel. 
ated at the first cycle of Edman degradation, indicating 
that there is a blockage on the amino terminus. The 
purified protein was digested with lysyl endopeptidase 
and the digested peptides were separated on reverse 
phase HPLC. Seven peptides were isolated and se- 
quenced on a gas phase sequencer. This analysis yielded 
a total of 109 amino acid residues from the sequences of 
the seven peptides (Fig. 3, boxes). Based on the amino 
acid sequences, we prepared a cDNA fragment specific 
for the 40 kDa protein by PCR (see section 2). We 
screened a rat liver cDNA library (6 x 10’ plaques) with 
the cDNA fragment and eight positive clones were ob- 
tained. The eight clones largely overlapped each other 
and had complete nucleotide identity in the overlapping 
regions. The longest clone contained a cDNA insert of 
approximately 1.0 kbp. A single band of about 1.3 kb 
was detected by northern blot analysis in all tissues ex- 
amined (liver, kidney and brain) (data not shown). The 
1 .O-kbp cDNA insert of the longest clone was consistent 
with the observed mRNA size. The longest insert was 
subcloned into plasmid PBS and the cDNA sequence was 
determined. As shown in Fig. 3, the cDNA spanned 
1,018 nucleotides plus poly(A) and predicted a 295 
amino acid protein with a molecular mass of 32,823. The 
peptide sequences of the seven lysyl endopeptidase di- 
gested fragments completely matched those deduced 
from the cDNA sequence and were preceded by lysine, 
consistent with the cleavage specificity of lysyl endopep- 
tidase (Fig. 3, boxes). Overall, 37% of the deduced amino 
acid sequence (109 residues) was supported by the se- 
quential Edman degradation of the seven peptides, al- 
lowing the unequivocal identification of the cDNA 
clone. In addition, the amino acid composition inferred 
from the cDNA was very close to that obtained from a 
hydrolysate of the purified 40 kDa protein (Table 1). 
Using the FASTA program [ll], the amino acid se- 
quence of the rat 40 kDa protein was compared with the 
amino acid sequences of more than 1,000 ribosomal pro- 
teins. Comparative analysis revealed that the 40 kDa 
protein shared homology with the prokaryotic small sub- 
unit ribosomal protein S2 of eubacteria nd chloroplasts 
[12-15](34.3% homology with Escherichia coli S2, 37.0% 
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Fig. 2. Characterization of the purified 40 kDa protein in SDS-PAGE. 
The analysis was of 40 pg of the 40 S ribosomal proteins (lane 1) and 
0.6pg of a gel-purified 40 kDa ribosomal protein (lane 2). Proteins were 
separated on 10% SDS-PAGE. The gel was stained with CBB. Positions 
of the size markers are presented on the left. The 40 kDa ribosomal 
protein is indicated by the arrow on the right. 
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GCTGGAACGGJ3TCCGTACGGCGTTGTTCTTGGTTCCCATCGTAACTTAMAGGGAAACTTACACA 
ATG TCC GGA GGC CTT GAC GTC CTG CA0 ATG AA0 GAG GAG GAT GTC CTC AAA TTC CTT CXT WA GGA ACC CAC TTA 
MSGGLDVLQMXEEDVLKIFLAAGTEL 
GGT GGC ACC AAC CTT GAC TTT CAG ATG GAG CAG TAC ATC TAC AAA AGG AAA AGT GAC GGT ATC TAC ATC ATC MC 
GGTNLDFQM_E QY I YKRKllSDGI YI I N 
I 
CTGAAGAGGACT TGGGAGAAGCTGTTGTTA GCC GCT CGAGCTATTGTT GCCATT GAGAAC CCT GCT GAT GTCAGC 
nKl[RTWE KIILL L ARA I VA I I NPADVS V 
GTC ATC TCC TCC AGG AAC ACT GGC CAG CGA GCT GTG CTG AAG TTT GCC GCT GCC ACA GGA GCC ACT CCA ATT GCT 
ALSSRNTGQR~AVI~KIFAAATGATPIA 
GGC CW TTC ACA CCT GGG ACC TTC ACT AAC CAG ATC CAA GCA WC TTC AGG GAG CCC CGG CTT CTA GTG GTG ACT 
GRF_TPGTFTNQIQAAFREP]RLLVVT 
T 
GAT CCC CGG GCT GAC CAC CAG CCC CTC ACA GAG GCC TCT TAC GTC AAC CTG CCC ACC ATT GCT CTT TGT MC ACA 
DPRADSQPLTEASYVNLPTIALCNT 
GAT TCT CCC CTG CGC TAT GTG GAC ATT GCC ATC CCA TGC AAC AAC ARG GGA GCT CAC TCA GTG GGT CTC ATG TGG 
DSPLRYVDIAIPCNN XIGAB 
TGG ATG CTG GCC AGG GM GTA CTC CGC ATG CGA GGA ACC ATC TCC CGG GAG CAC CCA TGG GAG GTT ATG CCT GAT 
WMLAREVLRMRGTISRESPWEVMPD 
CTT TAC TTC TAC AGG GAC 0.X GAG GAG ATT GAG AAG GAG GAG CAG GCT GCC GCT GAG AAG GCT GTG ACC AAG GAG 
LYFYRDPEEIEKEEQAAAEKIAVT KIE 
GAA TTC CAG GGT GAA TGG ACG GCA CCA GCG CCT GAG TTC ACT GCT GCT CAG CCT GAG GTG GCC GAC TGG TCT GAG 
EFQGEWTAPAPEFTAAQPEVADWSE 
GGT GTG CAG GTG CCC TCT GTG CCC ATT CAG CAG WC CCC ACA GAA GAC TGG AGT GCA CAG CCG GCC ACT GAG GAC 
GVQVPSVPIQQFPTEDWSAQPATED 
TGG TCA GCA GCT CCC ACA GCA CAG GCT ACT GAG TGG GTT GGA GCC ACC ACT GAG TGG TCC TGA GCTCCTCTGCAGGTG 
WSAAPTAQATEWVGATTEWS* 
CCTGAGCGAAGGGAAAAAAGGTGGAA ~TTCCTGARRGCTGpoly(A) 
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Fig. 3. Nucleotide and deduced amino acid sequences of the cDNA of rat 40 kDa ribosomal protein. Nucleotide residues are numbered in the 
5’ to 3’ direction, beginning with the first residue of the ATG triplet encoding initiator methionine; nucleotides on the 5’ side of residue 1 are indicated 
by -65. The deduced amino acid sequence is given below the nucleotide sequence, and amino acid residues are numbered beginning with the initiator 
methionine. The asterisk indicates stop codon. The putative polyadenylation signal is underlined. The amino acid sequences identical with those 
determined from analysis of lysyl endopeptidase digested peptides are boxed. The arrows indicate the positions of the primers used for PCR. The 
nucleotide sequence data will appear in the DDBJ, EMBL and GeneBank Nucleotide Sequence Database under the accession umber D25224. 
Table 1 
Amino acid composition of the rat 40 kDa ribosomal protein 
Amino acid Amino acid composition (%) 
Deduced” Observed” 
Asx 7.77 8.6 
Gbi 13.85 13.7 
Ser 4.73 5.7 
Gl Y 5.41 8.1 
His 1.35 1.7 
Arg 5.07 4.3 
Thr 7.77 7.4 
Ala 12.50 13.0 
pro 6.76 8.8 
Tyr 2.36 2.0 
Val 6.42 5.4 
Ile 5.07 4.1 
Leu 7.09 6.5 
Phe 3.38 3.8 
LYS 3.72 3.7 
Met 2.36 _* 
CYS 0.68 _* 
Trp 3.38 _* 
“Amino acid composition deduced from cDNA sequence (Fig. 3). 
bThe amino acid composition of the protein was determined after acid 
hydrolysis followed by conversion of the amino acids to their phen- 
ylthiocarbamyl derivatives as previously described [4]. 
*Met, Cys and Trp were not determined. 
homology with Spirulina platensis S2, 28.7% homology 
with Zea mays chloroplast S2 and 29.7% homology with 
Nicotiana tabacum chloroplast S2) (Fig. 4). The 40 kDa 
protein shared homology (24.7%) also with a Saccharo- 
myces cerevisiae mitochondrial ribosomal protein [ 161. 
These results suggest hat the 40 kDa ribosomal protein 
is the mammalian counterpart o prokaryotic ribosomal 
protein S2. 
We next compared the cDNA sequence of the rat 40 
kDa ribosomal protein with sequences in the EMBL data 
bank (release 30). The search revealed that the rat cDNA 
showed 52-95% identity with the cDNAs isolated as cell 
surface 68 kDa laminin binding protein cDNAs of 
human (88%) [17,18], mouse (95%) [19], bovine (88%) 
[20], Hydra vulgaris (54%) [21] and Drosophila mela- 
nogaster (52%) [22]. Since most of the base differences 
between the species were in the wobble position, the 
deduced amino acid sequence of the rat cDNA shared 
99% identity with those of mammalian cDNAs (human, 
mouse and bovine) and 57-59% identity with those of 
cDNAs of hydra (59%) and drosophila (57%) (Fig. 5), 
suggesting a possible correspondence. 
In 1986, Wewer and co-workers isolated a short 
cDNA fragment by screening a human umbilical vein 
endothelial cell cDNA library with a monoclonal anti- 
136 
body against human cell surface 68 kDa laminin binding 
protein and reported the cDNA fragment as human 68 
kDa laminin binding protein cDNA [17]. In 1988, Yow 
and co-workers isolated a 1.0 kbp cDNA highly ex- 
pressed in human colon cancer and reported the cDNA 
as a full-length cDNA for the human 68 kDa laminin 
binding protein [18] because of its nucleotide sequence 
identity with the one found by Wewer and co-workers. 
Mouse and bovine cDNAs were isolated by nucleic acid 
hybridization using the human cDNA as a probe and 
were reported as 68 kDa laminin binding protein cDNAs 
for mouse [19] and bovine [20]. Hydra and Drosophila 
cDNAs [21,22] shared significant homology with the 
human cDNA and have been thought to be 68 kDa 
laminin binding protein cDNAs. The contradictions re- 
late to both the physical and functional properties of the 
proteins encoded by the cDNAs, the most obvious of 
which is the large difference in size: the cDNAs encode 
proteins of approximately 33,000 Da, not 68,000 (Fig. 5). 
The cDNA-encoded proteins lack signal peptides, con- 
tain no N-linked carbohydrate attachment sites, and 
have no typical transmembrane domains ([18,20] and our 
unpublished ata). The homology of the rat protein with 
the hydra and drosophila proteins was restricted to the 
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218 amino-terminal amino acids. The carboxyl-terminal 
part (77 amino acids), which was described as the lam- 
inin binding domain in the human protein [17], showed 
no sequence homology (Fig. 5, box). Why the human 
cDNA clone, isolated by Wewer and co-workers, reacted 
with an anti-68 kDa laminin binding protein antibody in 
the immunoscreening [17] is still unclear. However, be- 
cause both the purified 68 kDa laminin binding protein 
from human placenta and the protein deduced from the 
human cDNA contained an octapeptide with the se- 
quence Met-Leu-Ala-Arg-Glu-Val-Leu-Arg, the anti- 
body they used may recognize the amino acid sequence 
containing the octapeptide. 
In the present study, we have purified a 40 kDa protein 
in the rat 40 S ribosomal subunit and determined its 
primary structure, demonstrating that the protein is the 
eukaryotic counterpart o prokaryotic ribosomal protein 
S2. We also demonstrated a strong homology between 
the rat 40 kDa ribosomal protein and the protein de- 
duced from the cDNA of 68 kDa laminin binding pro- 
tein. In addition, the sequence of the mouse cDNA was 
identical to a mouse cytoplasmic protein of unknown 
function, p40 [23]. Recently McCaffery et al. reported 
that p40 coincided with a protein and RNA peak in the 
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Fig. 4. Comparison of the amino acid sequence of the rat 40 kDa ribosomal protein with the sequences of ribosomal protein S2 of eubacteria and 
chloroplasts. Amino acid residues are numbered at the right. Residues identical to the 40 kDa ribosomal protein are designated by asterisks and those 
that are conservative substitutions are designated by dots over the letter symbols. Residues that are conserved among all the species are designated 
by # and those that are conservative substitutions among all the species are designated by A. Dashes denote gaps introduced to maximize homology. 
RAT40KD, rat 40 kDa ribosomal protein; ECOLISZ, Escherichia coli S2 [12]; SPLATS2, Spirulinaplatensis S2 [13]; ZMAYCS2, Zea mays chloroplast 
S2 [14]; NTABCS2, Nicotiuna tabacutn chloroplast S2 [15]. 
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Fig. 5. Comparison of the amino acid sequences of the rat 40 kDa ribosomal protein with 68 kDa laminin binding proteins. Amino acid sequences 
were deduced from the cDNA sequences. Dots in place of a residue indicate identity with the rat 40 kDa ribosomal protein. Dashes denote gaps 
introduced to maximize homology. Ra40K, rat 40 kDa ribosomal protein; HuLBP, human 68 kDa laminin binding protein [17,18]; MoLBP, mouse 
68 kDa laminin binding protein [19]; BoLBP, bovine 68 kDa laminin binding protein [20]; HyLBP, Hydra vulgaris homologue to mammalian laminin 
receptor [21]; and DrLBP, Drosophila melanogaster homologue to mammalian laminin receptor [22]. Amino acid residues are numbered at the right. 
A box indicates the corresponding region which was described as the putative laminin binding domain in human protein [18]. 
40 S ribosomal subunit region, suggesting that it is asso- 
ciated with the 40 S ribosomal subunit [24,25], and im- 
munohistochemical study using the antibody against p40 
showed a cytoplasmic granular labeling pattern, similar 
to that of a systemic lupus erythematosus erum specific 
for ribosomal proteins [24]. Our results, along with the 
properties of ~40, strongly support the conclusion that 
the cDNAs which have been thought to encode the 68 
kDa laminin binding protein do not encode the laminin 
receptor but, instead, encode the 40 kDa ribosomal pro- 
tein. 
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